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Description 

METHOD FOR TIE-UP DETECTION IN AN 
AUTOMATIC TRANSMISSION 

Background of Invention 
[0001] i. Field of the Invention 

[0002] The present invention relates to a method for detecting 

tie-ups in an automatic transmission for a vehicle. 
[0003] 2. Background Art 

[0004] vehicles today increasingly employ the use of adaptive 

learning systems to improve a wide variety of vehicle op- 
erations. For example, various engine characteristics may 
be monitored such that actual outputs are compared to 
desired outputs, so that adjustments can be made to 
bring the two closer together. Such engine characteristics 
may include those that affect performance, fuel efficiency, 
or some other characteristic to be controlled. Other sys- 
tems within a vehicle may be similarly monitored, with ad- 
justments being made to bring the actual system outputs 



closer to the desired system output. Again, such outputs 
may affect performance or efficiency, or may be directly 
related to occupant comfort. 
[0005] An example of the latter is found in a vehicle transmis- 
sion, which not only affects vehicle performance and effi- 
ciency, but also has a direct impact on the quality of the 
ride. This is particularly noticeable during times when the 
transmission is shifting gears. A smooth transition be- 
tween gears may be largely imperceptible to vehicle occu- 
pants; conversely, a rough transition between gears can 
contribute to occupant discomfort, and therefore, has a 
negative effect on the quality of the ride. One reason a 
transmission may not shift smoothly, is because tie-ups 
can occur. When a transmission shifts smoothly from one 
gear to the next, bands or clutches are engaged on the 
new gear just as the bands or clutches are disengaged on 
the previous gear. If, however, there is even a slight error 
in the timing between the engagement and disengage- 
ment of the respective bands or clutches, both gears may 
be held simultaneously. This phenomenon is known as a 
tie-up. 

[0006] one device for determining when a tie-up occurs is de- 
scribed in U.S. Patent No. 6,106,435 issued to Endo et al. 



on August 22, 2000. The Endo et al. device decides 
whether a transmission tie-up has occurred, and in par- 
ticular, decides the degree of tie-up. The degree of tie-up 
is determined from an equation that requires integration 
of the difference between instantaneous and average 
transmission output shaft acceleration. Alternatively, the 
Endo et al. device may determine the degree of tie-up 
based on the maximum amplitude of the fluctuation of 
the transmission output shaft speed. Endo et al. also 
briefly mentions prohibiting the calculation of the degree 
of tie-up in the case of a "bad road surface". 
[0007] one limitation of Endo et al. is that the parameters used 
to determine the degree of tie-up involve the integral of 
an acceleration term— i.e., a speed term—which may not 
be as sensitive to output shaft changes as an acceleration 
term, or the derivative of an acceleration term. Thus, as 
time derivatives of the speed of the transmission output 
shaft are taken, the resulting parameters are increasingly 
sensitive to transmission output shaft changes. In addi- 
tion, although there may be many ways to determine 
whether a road surface is "bad", Endo et al. does not de- 
scribe a specific device or method for determining a bad 
road surface. 



[0008] Therefore, a need still exists for a method to detect trans- 
mission tie-ups which utilizes a sensitive parameter, such 
as the time based derivative of a transmission shaft accel- 
eration, and also provides a specific method to determine 
a false tie-up, such as might be indicated on a bad road 
surface. 
Summary of Invention 

[0009] Accordingly, the invention provides a method for detect- 
ing a tie-up in an automatic transmission having at least 
an input shaft and an output shaft. The method includes 
determining a rate of change of acceleration of a trans- 
mission shaft. The rate of change of acceleration of the 
transmission shaft is compared to a predetermined value. 
When the rate of change of acceleration of the transmis- 
sion shaft is below the predetermined value, a tie-up is 
indicated. 

[0010] The invention also provides a method for detecting tie-up 
in an automatic transmission having at least an input 
shaft and an output shaft. The method includes monitor- 
ing a speed of a transmission shaft for some period of 
time. A parameter related to the transmission shaft speed 
is calculated. The parameter has a plurality of time de- 
pendent values. At least some of the parameter values are 



compared to a predetermined value, and it is determined 
each time the at least some parameter values change from 
being at or above the predetermined value to being below 
the predetermined value. Indication of a tie-up is tem- 
porarily prevented when the at least some parameter val- 
ues change from being at or above the predetermined 
value to being below the predetermined value with a fre- 
quency that equals or exceeds a predetermined frequency. 
A tie-up is indicated when the at least some parameter 
values change from being at or above the predetermined 
value to being below the predetermined value and indica- 
tion of a tie-up is not prevented. 
[001 1] The invention further provides a vehicle having a drive line 
including a transmission with at least an input shaft and 
an output shaft, the vehicle includes a controller in com- 
munication with the transmission. The controller is con- 
figured to monitor a speed of a transmission shaft for 
some period of time. The controller is further configured 
to calculate a parameter related to the transmission shaft 
speed. The parameter has a plurality of time dependent 
values. The controller compares at least some of the pa- 
rameter values to a predetermined value, and determines 
each time the at least some parameter values change from 



being at or above the predetermined value to being below 
the predetermined value. The controller temporarily pre- 
vents indication of a tie-up when the at least some pa- 
rameter values change from being at or above the prede- 
termined value to being below the predetermined value 
with a frequency that equals or exceeds a predetermined 
frequency. The controller is further configured to indicate 
a tie-up when the at least some parameter values change 
from being at or above the predetermined value to being 
below the predetermined value and indication of a tie-up 
is not prevented. 
Brief Description of Drawings 

[0012] Figure 1 is a schematic representation of a portion of a 
vehicle in accordance with the present invention; 

[0013] Figure 2 is a flowchart illustrating a method in accordance 
with the present invention; and 

[0014] Figure 3 is a series of graphs illustrating the method 
shown in the flow chart in Figure 2. 
Detailed Description 

[0015] Figure 1 shows a simple schematic of a portion of a vehi- 
cle 10 in accordance with the present invention. The vehi- 
cle 10 includes an engine 12, which is connected to a 



transmission 14 via a transmission input shaft 16. A vehi- 
cle drive line 18 transfers power from the transmission 14 
to the vehicle wheels 20. The drive line 18 includes a 
transmission output shaft 22, and a differential 24. Al- 
though the transmission 14 is shown with only an input 
shaft 16 and an output shaft 22, a transmission, such as 
the transmission 14, may include one or more intermedi- 
ate shafts disposed between the input and output shafts. 
Connected to the engine 12 and the transmission 14 is a 
controller, or powertrain control module (PCM) 26. As ex- 
plained more fully below, the PCM 26 contains prepro- 
grammed algorithms which implement a method for de- 
tecting tie-up in the transmission 14. 
[0016] jhe PCM 26 is shown in Figure 1 directly connected to the 
engine 12 and the transmission 14. Alternatively, the en- 
gine 12 and the transmission 14 may have separate con- 
trollers, for example, an engine control module (ECM) and 
a transmission control module (TCM), which communicate 
directly with each other. A vehicle system controller (VSC) 
could also be used to communicate with a TCM and an 
ECM, for example, on a controller area network (CAN). 
Similarly, a controller, such as the PCM 26, can be used in 
vehicles having different configurations from the one il- 



lustrated in Figure 1. For example, the present invention 
can be used with alternative vehicle forms, such as hybrid 
electric vehicles (HEV), fuel cell vehicles, or hybrid fuel cell 
vehicles, just to name a few. 

[0017] The PCM 26 is configured to monitor the speed of the 
transmission output shaft 22, which is measured by a 
speed sensor 27. Alternatively, the PCM 26 could be con- 
figured to monitor the speed of the input shaft 16, or an 
intermediate shaft, if the transmission is so configured. 
The PCM 26 can be configured to continuously monitor 
the transmission output shaft speed any time the vehicle 
10 is running. Alternatively, it can be configured to moni- 
tor the transmission output shaft speed at selected inter- 
vals, or only monitor the speed when it is above zero. As 
seen in the flowchart 28, shown in Figure 2, monitoring 
the speed of the transmission output shaft begins the im- 
plementation of a tie-up detection method in accordance 
with the present invention, see step 30. 

[0018] Next, the PCM 26 uses the transmission output shaft 

speed to calculate values of a certain parameter, see step 
32. The calculated parameter is related to the transmis- 
sion output shaft speed, and because that value may vary 
over time, the parameter values are also time dependent. 



One parameter related to the transmission output shaft 
speed that may be particularly useful for detecting trans- 
mission tie-ups, is the rate of change of the acceleration 
of the transmission output shaft speed. This parameter 
can be determined by twice differentiating with respect to 
time the transmission output shaft speed. Because of the 
double differentiation, the calculated parameter may be 
more sensitive than the output shaft speed to operational 
changes in the transmission. Of course, other parameters 
can be used; however, the rate of change of acceleration 
of the transmission output shaft is a parameter that is 
easily calculated from a readily available measurement. 
[0019] | n s tep 34, the rate of change of the acceleration of the 
transmission output shaft (referred to hereafter as accel- 
eration rate) is compared to a predetermined acceleration 
rate value. This step is performed since it is well known 
that during a transmission tie-up, the speed of the trans- 
mission output shaft, and thus the rate of acceleration, is 
affected. In particular, the acceleration and the accelera- 
tion rate, of the transmission output shaft, will decrease 
during a transmission tie-up. Therefore, the predeter- 
mined value of the acceleration rate is set to a value that 
is indicative of a transmission tie-up. 



[0020] The predetermined acceleration rate value can be set in a 
number of different ways. For example, a tie-up in the 
transmission could be induced, and the acceleration rate 
calculated throughout the induced tie-up. This would 
provide an indication of an acceleration rate value that 
could be expected during an actual transmission tie-up. 
Alternatively, the frequency of the drive line 18 could be 
calculated, and the predetermined value of the accelera- 
tion rate could be set based on that frequency. 

[0021] At step 36, it is determined whether a first predetermined 
amount of time has passed since the acceleration rate has 
previously dropped below the predetermined value. If it 
has, and a flag was previously set—for example, at step 
46 below— it is cleared, and indication of a transmission 
tie-up is not prevented, see step 38. After step 38, or if 
the first predetermined amount of time has not passed 
since the last time the acceleration rate dropped below 
the predetermine value, then step 40 is performed. 

[0022] | t j S worth noting here, that although the method illus- 
trated in the flow chart 28 in Figure 2 is shown as a series 
of sequential steps, some steps may be performed in a 
different order, or even simultaneously. For example, 
steps 34 and 36 check parameter values and time, re- 



spectively, on an ongoing basis. Therefore, these steps 
may often occur simultaneously. Moreover, the steps of 
the method will be repeated throughout operation of the 
vehicle. This means that a flag that is set in step 46 when 
the method is performed one time, can be cleared in step 
38 when the method is performed a subsequent time. 

[0023] when the PCM 26 compares the calculated values of the 
acceleration rate to the predetermined value, it deter- 
mines whether any of the values of the acceleration rate 
fall below the predetermined value, see step 40. Specifi- 
cally, the PCM 26 determines each time the acceleration 
rate changes from being at or above the predetermined 
value, to being below the predetermined value. This is 
graphically illustrated, and explained more fully below, in 
conjunction with Figure 3. If the values of the calculated 
acceleration rate are not below the predetermined value, 
the method indicates a return to step 34, where the newly 
calculated values of the acceleration rate are again com- 
pared to the predetermined value. 

[0024] when a calculated value of the acceleration rate drops be- 
low the predetermined value, this event is stored by the 
PCM 26 for later use, see step 42. The PCM 26 could be 
programmed to indicate a tie-up at this step; however, 



the present invention includes a method for determining 
whether the drop in acceleration rate is caused by some- 
thing other than a tie-up. For example, when a vehicle 
travels on a bumpy road, the uneven road surface may 
cause changes in the speed of the transmission output 
shaft. These changes will be reflected in the calculated ac- 
celeration rate. Thus, it is possible for bumps in the road 
to cause the acceleration rate to drop below the predeter- 
mined value. To help counter the possibility of erro- 
neously indicating a transmission tie-up, the PCM 26 per- 
forms a number of additional steps. 
[0025] | n s tep 44, it is determined whether a predetermined fre- 
quency has been equaled or exceeded. Specifically, the 
PCM 26 examines the number of times the acceleration 
rate has dropped below the predetermined value, and 
when these events occurred. Thus, the PCM 26 is able to 
determine with what frequency the acceleration rate is 
dropping below the predetermined value. The PCM 26 
then compares the actual frequency with a predetermined 
frequency, to see if the acceleration rate has dropped be- 
low the predetermined value too often within a set period 
of time. If the predetermined frequency is equaled or ex- 
ceeded, this may indicate that the vehicle is being driven 



on a bumpy road; therefore, a flag is set, preventing indi- 
cation of a transmission tie-up, see step 46. 

[0026] The predetermined frequency can be set in any one of a 

number of different ways. For example, the predetermined 
frequency could be set based on the calculated accelera- 
tion rate falling below the predetermined value x-times in 
y-minutes. Alternatively, the predetermined frequency 
could be based on the number of times the acceleration 
rate drops below the predetermined value before a first 
predetermined amount of time has passed. In such a case, 
the PCM 26 counts the number of times the acceleration 
rate drops below the predetermined value. If the first pre- 
determined time passes and the acceleration rate does not 
drop below the predetermined value in this time, the PCM 
26 resets the count to zero and starts again. Thus, when 
the acceleration rate drops below the predetermined value 
frequently in a short period of time, it may be indicative of 
driving on a bumpy road, and indication of a transmission 
tie-up is prevented. 

[0027] |f t he predetermined frequency has not been equaled or 
exceeded, an additional step is performed to further en- 
sure that the change in acceleration rate is actually due to 
a transmission tie-up. In step 48, the PCM 26 determines 



whether the transmission 14 is in a shift cycle. Since a 
transmission tie-up typically occurs while torque is being 
transferred from one set of gears to another, the PCM 26 
will not indicate a tie-up unless it determines that the 
transmission 14 is in a shift cycle. If it is not in a shift cy- 
cle, the PCM returns to step 34 where additional accelera- 
tion rate values are compared to the predetermined value, 
see step 50. If, however, the previous criteria are met, and 
the PCM 26 determines that the transmission 14 is a shift 
cycle, a tie-up is indicated, see step 52. Information relat- 
ing to a known tie-up can be used for a number of pur- 
poses, including use in an adaptive control system. 
[0028] Figure 3 graphically illustrates the method described in 
Figure 2. For example, graph 54 shows a curve 56 of the 
acceleration rate of a transmission output shaft over some 
period of time. Thus, the acceleration rate values calcu- 
lated from the transmission output shaft speed are plot- 
ted as a continuous curve. A dashed line 58 represents 
the predetermined value to which the calculated accelera- 
tion rate is compared. As shown in step 40 in Figure 2, a 
controller, such as the PCM 26, determines each time the 
calculated acceleration rate drops below the predeter- 
mined value. On graph 54, these points occur at 60, 62, 



64, 66 and 68. The PCM 26 stores each of these events in 
a memory, and then determines the frequency with which 
they occur, see steps 42, 44. 

[0029] Graph 70 looks at each of the events 60, 62, 64, 66, 68 as 
the beginning of a discrete occurrence, labeled 1-5, re- 
spectively. The predetermined frequency, used in step 44 
in Figure 2, is set at four. That is, at point 66, or the be- 
ginning of occurrence number four on graph 70, the pre- 
determined frequency has been equaled. This causes a 
flag to be set preventing indication of a tie-up, see step 
46 in Figure 2. The point at which this occurs is graphi- 
cally illustrated on Graph 72 at point 74. Of course, the 
predetermined frequency can be set to any desired value, 
with four being used here for illustrative purposes. 

[0030] During actual operation of a vehicle, the phenomenon 

shown by points 60, 62, 64, 66 and 68 on graph 54 may 
be caused by the vehicle traveling over a bumpy road. 
Each time a vehicle encounters a bump in the road, the 
speed of the transmission output shaft may undergo a 
measurable change. As discussed above, the acceleration 
rate— i.e., the second time derivative of the output shaft 
speed — is even more sensitive to road surface disparities 
than the output shaft speed. Therefore, it is important 



that actual transmission tie-ups can be distinguished 
from other events or occurrences which may cause a simi- 
lar response in the acceleration rate curve. 
[0031] At point 74, the flag preventing indication of a tie-up is 
set, and it remains set until a predetermined amount of 
time has passed, see step 36 in Figure 2. On graph 54, 
the predetermined time (P.T.) is shown starting at point 
68. The predetermined time actually begins to run each 
time the acceleration rate drops below the predetermined 
value; however, it is reset each time the acceleration rate 
goes above the predetermined value and then drops be- 
low it again. 

[0032] As seen on graph 54, the predetermined time is made up 
of first and second time segments. The first time segment 
is based on the amount of time the acceleration rate re- 
mains below the predetermined value. This may be re- 
ferred to as the event duration. When the events are 
caused by the vehicle traveling over a bumpy road, the 
first time segment may be called a bump duration. The 
second time segment begins at point 76, when the in- 
creasing acceleration rate reaches the predetermined 
value — i.e., when the event duration has ended. The sec- 
ond time segment ends after a second predetermined 



amount of time, which may be referred to as "smooth 
time". The smooth time is some predetermined amount of 
time during which the acceleration rate does not fall be- 
low the predetermined value. After the first predetermined 
time has passed, the flag preventing indication of a tie-up 
is cleared, see step 38 in Figure 2 and point 77 in Figure 
3. 

[0033] on graph 54, there is one additional time when the accel- 
eration rate drops below the predetermined value, see 
point 78. Because the flag preventing indication of a tie- 
up has been cleared, the event indicated at point 78 may 
be an actual transmission tie-up; however, a tie-up is not 
indicated until another check is complete. In particular, 
the PCM 26 determines whether the transmission 14 is in 
a shift cycle. This is indicated on graph 80 in Figure 3. 
Throughout most of the time the acceleration rate of the 
transmission output shaft is calculated, the transmission 
14 is not in a shift cycle; this is indicated by the word 
"off". 

[0034] At point 82, the transmission 14 begins a shift cycle, 

which includes a number of shift phases. Shown on graph 
80 are a boost phase, a stroke phase, and an open loop 
torque transfer phase. A complete shift cycle may include 



other phases as well. The phases represent different por- 
tions of a transmission control algorithm programmed 
into the PCM 26. Each of the phases also relates to some 
physical occurrence within the transmission 14. Because 
an actual transmission tie-up is most likely to occur in the 
boost phase or in the beginning of the stroke phase, indi- 
cation of a tie-up is limited to these two portions of a 
shift cycle. 

[0035] As seen on graphs 54 and 80 in Figure 3, point 78 occurs 
in the beginning of the stroke phase of a shift cycle. 
Therefore, because the predetermined time has passed, 
and because the acceleration rate dropped below the pre- 
determined value in the beginning of the stroke phase, a 
tie-up is indicated. This is shown on graph 84 at point 86. 
When a tie-up is indicated, such as at point 86, the PCM 
26 sets a tie-up flag which remains on until a third prede- 
termined amount of time has passed, as indicated by 
point 88 on graph 84. At point 88, which is at the end of a 
shift cycle, the PCM 26 clears the tie-up flag, and moni- 
toring of the acceleration rate of the transmission output 
shaft continues. 

[0036] while the best mode for carrying out the invention has 
been described in detail, those familiar with the art to 



which this invention relates will recognize various alterna- 
tive designs and embodiments for practicing the invention 
as defined by the following claims. 



